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A bstr act
T he e xistlngV egetatio n a nd co v er m apIS C r e atedby usingN O A舶 vegetatio nindexproduct
ba sed on the s e a s onalityofthe v egetationform atio n s. tlydr ologicalpa ra meters are as sign edto e a cll
cla ssbyusing a vailableglob al data s ets, 皿dpote ntialev aporatio nis calc uhted. Nattlr alvegetationis
restor ed ba sedo nthe r elatio n shipbetw e e nclim ate andv egetatio n(ofc aus eitis a challengetobe
s olved), and itenable sto a ss e ssthe changeinpotezltialevapo r ationdu eto anthr opoge nic
vegetatio n a ndc over cha nge s.
T hedatas ets c u rr erEtlya vailable a relimited, and w e ca n nots aythatthehydrologicalpr o c e ss e sin
globalor c oTltinerltals c ale s a r e s ufBciently understo od. T he a uthor rega rdsthis re se archas atrial
studyo nthe methodology. Itis ne c e ss arytoimpr ov ethe a c c u r a cy ofdata s ets a nd m odels withthe
use ofn ew data s ets
,
in cludings atellitedata,thtar e av ilable inn e arRItu re.
I. b tr odtJCtion
M ostimpo rtarLtidu e n c e ofanthr opoge nic v egetatio n andc overaler atio n s o n r egio nal
e n vh'o n me ntisthe change sin w aterb alanc e at thegroundsurfa c e. Hu m a nhisto ry c anber ega rdeda s
thehistory ofv egetatio〟la ndc ove ralte ratiop. T hroughthe m a n
■
s activityduringthehistoric e ra, the
w aterbala n cein aregio n should be cha ngedc opsider ably andc urr entenviro n m e nthasthsbe en
e stablished
,
Togettheperspectiv eforfutu reglobale=viroI 皿 e nt,itis n e ces s aryto re c ognize
pr operlythe re s ult oflandc ov e ralteratio nduring pa stseveralthous a ndye ars, Forthepurpos e ofit,
thepr e cis e r e c ognltlO n Ofe xistinglandc o v e ris ne c e ssary, a ndthe npotelTtialvegetatio n mustbe
re sto r edto e stim ate the change sin1a ndc over. Hydr ological functio n ofe achv egetatio n cla ssis
anotherimpo rtaLtissuetobe s e ar chedto e stim atethe changes
■inw a･terb ala n c eduetola ndc over
alte ratio n s.
2. I)ata s el.s
Se ve ndatas ets,listed belo w, ar e e mployedB
-
om theGlobal Ec oD/Ste m Data Base(G E DB)CD -
ROM c ompiled byN O A AJN G DC(NationalOc e a nic a nd Atm o spheric Ad ministratio n/ Natio nal
Geophysic al DataCerlter).
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Lee m a n s a nd Cra m erIIASA Me anM orlthlyClo ud iness
M atthe w sSe a s o nd Albedo
Leem adslioldridgeLifeZone
GlobalEle v ation andBathm etry@T O PO5)
Itis e asytopoiflt Outdefe cts o rpr oblems oftheda:ta s ets, ho we ve r, theda･ta s cts ar etr e ated her eas
given databec a u s etheyar e c u rre ntlythebestdatasets･
3. E‡istingVegetatio n瓜a nd Co v e r
Satenite rem ote s e nsl ngisthe m o st uitable m e a n stopr ovide a e由stingla nd-c o v e r m apl n
c o ntin entalorglob alscales(To w n she ndetal.,19 1). Vegetatio n/landc over clas sific atio nis m ade
using s e a s onaltrendofND V I(No rmalizedDiffer e n c eVegetationIndex)･
E DC-NESDIS Monlhb7Ekpe n
'
m e nlaZCalt
'
bllated Global Vegetation Jndbxis us edto clas sifyland
c ove rinAsia. The value of NDVIisso m e血 ess m anertha n z e r o. It m e ansthatr edbandr efle cta n c e
ishighertha nthat ofn e arin&ared band, a nd the signals o n v egtatio nhardlyc o ntainintheindex .
The min u sND Ⅵis repla c edbyzer o, a ndpr o血c en e wND Ⅵ data s et.
ITIV e Stigatedare a(6 0
o
N 12 O
o
S
,
60
o
E-160
o
E)include sM ons o o nAs ia. Clu ste r analysisis
appliedtotw elv e m o nthlyND Ⅵs, ad forty-eightclass e s are obt ain edofwhichthr e e ar e me ing-
1e s s cla ss e sdu eto the eHe ct ofmixels,
Eachcla ssis expe ctedto r epr es ezltChar a cteristichydr ologicalpar a m cters. Theyar ethe
par a m eter s, sl Cha s albedo, airtemperature, pre cipita丘on, etc. , n e c es s aryforthe c alculation of
hydr ologic alm odel, ands m allv aria n c eine achcla ssis e xpected. Se v eralglobal datas ets ar e
s upe ri mpo s edo nthe clas si丘c atio n m ap, andthe aver agehydr ologicalpar ameter sfor e a chcla ss are
e xtra cted.
Table1 Fo r e st typesby Kira
'
s w aJnthinde x. Tropical forestisdivi de intotr opicals e a s o nalfo r est
a ndtr opicalrainfo r estbas edo nther[umber ofm oTlths whiche xc e ed50rnm in m o nthly precipltation.
Fore stType Code Wa mth Inde x Pm>5 0Ⅱ 皿
Tropical R 血 For e st F T R･
Tropical Sea s onalFo re st F TS
Subtr opicalFore st FST
Ev ergre en Broad LeafFor est F E D
De cidu o u sBro ad Le afFo r e st F O B
Co niferousFo r e st F ND
(℃ I m onth)
240< 12
240< < 12
180- 24 0
85- 180
45- 85
< 45
(Nu n. ofm onth)
Kira(1945a,b)and Kir aetal.(I976)reve aledthat thedistribution ofthe w a mth indexis w ell
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c orre spondtothedistribution ofv egetatio nfor m atio nin Asia. Theindexisdefin edas:
WI- ∑(Ti-5)i-1to1 2, Ti>5,
whereTiis m o nthly m e an airte mper ature s(℃),
i
:.
fi 犠 J
申
Figtlr e1 Curre ntla ndc o v er . Gr eylevel(0-255)
de note sthe v egetatio〟1a ndc o v er clas s e s. F ND(32),
F D B(64),F E B(96),PST(128),F T S(160),F T R(192),
F B S(2 08), A G R/G R S(224), SE A(240)andD 毛S(255),
4. Re storatiol 0fNatur 血I Vegetatio n
y
'
′
.寧ヌ
托㌔
r
ヽ ､
Figtlre2 Na:tural1andc ov e r. Greylevel(0- 255)
de n ote sthe vegetatio n andcover cla sse s. F N D(32),
F D B(64),F E B(96),P S T(12i),F T S(160),F T R(192),
F B S(20S), AGR/GRS(2 24), SE A(240)aJldD E S(255).
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T he ave r age indic e s ofe a chcla s s are
calc ulated丘.o mtheLegates a72d
fVt
'
lZtw ottAT17 W a[ ZTemper aiu f
･
eda土as et.
Based onthe criterio nshowninTable1,
curr e ntfo r e st typeis a ssign edto e ach
cla s s･ Other cla ssisinterpr eted by
r eferringge ogr aphiclo c atio ns, ∑ ND Ⅵ,
a nds o o n.
Table2sho w sthe char a cteristic
value sof hydrologicalpara m et rsfo r
e a chvegetatio n a ndc over cla s s. Fig.1
sho w s c u rre ntv egdatio n a nd cover
m ap o v erM ons o o nAsia. Fore stis
draw nbydarkerto n es, a ndgr as s a nd
agdc ulturcland一o oksbdght. Oc e a n 弧d
de s erts ar ewhite,
Table2c o ntainsthe cla ss e s of
Le em a n's Ho[bE
'
dgeLtfeZon eqEL Z)
dataset
,
which m e a n spo s sible vegetatio n
for matio ns underglVen Clim atic
conditions. Itis obtaineda sthe m o st
&equ entLHL Zcla s swithin a
v egetatio〟1and c over cla s s. T he classe s
wi thaster(*)m e a nthatcurre nt
v egetatio nAandcove rlSgrasslando r
croplaJld,butclim atic c o ndito nal1o w s
the existe n c e ofthefore st. N am ely, the
are as ofthes e clas s e s ar e subjectto
changeinla ndc o verbyhu m a n s
T
a ctivity
inthehistodc era.
The s e cla ss e s a c c ou ntfor about24per
c e ntoftheland ar e awithinthe c alculated
r eglO n. M o st of whicho c cupl e SIndia and
Table2 Re suhs ofvegetatio山1and c over classificatio nbycluster analysisbas edon
s e a s onaltrendof ND Ⅵ. C ha r a cteristic value?of ∑ND VI, w a nrlth index(WI), an nual
pre cipi土atio n(Pa)andthe number ofm onths whichexc e ed50m in morlthly.
pr e cipilatio n伊m>50m n), andthey ar e u sedtodetemin ethe vegeta土io nAa ndc over cla ss e s.
No.
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china, Centralplains ofMyan m ar andT hailandar eals o e xperie n c ed la rgelandc over change s･
Naturalvegetationis restoredbas edmainlyon the w ar mth inde x･ Fig･2 sho w sthehatural
vegetatio nin M o n s o o nAsia･ Da rke rirrIPr e SSiqn c ompared wi thFig･1indicate sther esto r atio n of
f.rest. For e stclas s, F T S(TropicalSe as o n alFo rest), appe a rsin there stor edcla s s esba s edo nthe
rlumber ofm orrths wi thm oTIthly pre clpitationlover5 0rrm .
5. Areal Ev aporatio n a ndits cb nge sdtletO Vegetatio nAand c o v e r change s
Ahn andTateishi(1994)dev elopeda m ethodto calculatetheglobalpotentiale v aporatio n(Ep)by
usingdata s ets c ontain edin GE D B･ Their method isba s ed ontheP de stley andTaylo r m eth
･
od(Prie stley and Taylo r,1 972)I Itispo s sibletoin c orpo r atethe v ariatio n ofla ndc ove rthro ughalbedo･
Table3show sthe cla s s m e an s of e a s o nal albedo s丘o m MailhewsSe a s o n alAlbedodata s etinthe
GEDB. M ete orologicalparam ete rs a r e 匹tra Cted 丘o mG E DB. Withthes e value s, m oⅡthly poteTItial
evaporations(Fp)ar e calc uhted･ Asforthedetails of the m ethod, referto Ann aJld Tateishi(1994)I
FigL3 sho ws annualEpinMons o o nAsiafor c urrentvegetation c o v e r･ T he m agnitude ofthe
e vaporatio n s e e m s ap pr opriateinthe mi dlatitudes andinthe lmmi dtropics,ho w e v e
r
,
itis obviotlS
thtEp overestim ate s actuale v apo r atio ninthe semi
-aridandaridar e a sI
Table4sho w sthe aver age s e a s onalalbedoforfo re st cla ss e s･ Itisdetemin eda s a n ave rage ofthe
sa m e cla ssinTable2, Al bedodistributionfor n atu ralv egetatio nis r esto r ed byc o n v ertingn atLlrd
vegetatio nm aptoalbedo m ap usingTable4, andEpis re calc uhted wi th the s a
m e m ethoda sFig･3･
望監_+
圭…二;i
萱董∃
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2 1 8;
19.5■
】7.7
I7.7
17.4
1 6.0
17.写
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22.1
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21. 2
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2S.I
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Tatle3 Av er agealbedo spforcurrent
v egct&tio n aJldc o v er clas s esa ndsta ndard
devia.tioIIS.
Table4 Av er喝ealbedo s(%)for e a ch fo re sttype. Tropicals e a s onal fo r e stdo e sn ot ap pearinthe
cu IT e nt Vegetatio n c over nlap(figure1).
C uss N SPRING SUM MER F A L L W m E R
F N D 9
F D B 5
F ヱB 1
FST 3
F T R 2
14.6
15.5
14.2
13.0
10
.
6
7.2
7.7
5.7
3.6
0.7
3.$
4.7
3.8
2.9
0.6
2.7
3.4
2.8
2.$
0.6
Fig.4 show sEpfor naturalv egetatio llever Mons oo n As ia, a ndFig.5 sho w sthe am o ur[t of
cha ngesin Fpbetw e en n aturalalldc urr entvegetatio n. The reglOn Whichs ubject tolarge areal
changein Epislndia and e aste m a Jlds o uthernChina. Ce ntralplain ofMya n m araJldThailand isthe
la rge staue ctedare a rl e Xt tOIndia aJld Chin a. T he am ountofchangeislarge inIndia, Mya nJTla r and
Thaila nd.
6･ Co nch dingRem arks
T hispaperde scribes a r esult oftezltativ e w ork c oncerningtheglobal hydrologicalchangesdueto
fundam erltaltransform ations of Earth's su rfa c ebyhum an
'
s a ctivity. W e stil haveto c o n sider m o re
abouts everal iss u e sto apprわa chthe占onclu sio n. Theya re,(1)toimpro v ethe acc ura cy of theglobal
daia s ets
,(2)togetpr e cis e r e c ognitio n on thehydrologicalphe n o m e n a a nd vegetatio ndyn amic s, a nd
(3)to e nha n c ethe skills ofthe m odel.
Amongtheglobal data s ets,landc ov e rm apISCrucialfordistributed hydr ologicalm odcling,
Se ve ralinternationalpro)ects areprogre sslngtO makehighre s olutio ngloballa ndc o ve r map withthe
u s e ofsa:tellitedぬ . TheGLI(GLoba[Im ager)is o n e ofthe m o stpromisings ens or, whichis
plamingtobo ardA D EO S-ⅠIs atellite.
Inthehydr ologic alviewpol ntS,itisimpo rta nt to se archpr operdeRnition ofe由stinglandc over
tha土minimize sthe varia n c e of hydr ologicalpar am eterswithin acla s s. In other words,itisde sir able
that a n u mber of hydr ologicalparam etersc an bederived 鮎m thela ndc ove rde丘nitio nfor u s einthe
8u xcalculations, Itisthe signiBc antsubject that m u stbe r e s olved ata n e a rlydate.
Regardingthe thirdpr oblem , m a nys ophistic ated m odels ar e appe ar ed inrec erltda.ys(fo r e x ample,
Shukla etal.
,
1990), T he a c c u r a cy ofthe res ults, ho w e ver,depe nds on thtofir[putdata a ndits
spatialdistributions. A洗er solvingthepr oble m, the s ecomplic ated m odels willbe us efulto under stand
thedy71amicbeh vior ofthe v egetation and the clim ate.
The m o stimportantproble mis corLCemingthe appropnate rec ognition ofthe naturalphen o m en a
c onc er ned. M any丘eldin ve stigations,thatappe a rin thejo u mals, r eve althat there are m a ny免ctors
that m ustbe c o n sideredinthe m odel･ Fo r exa mple, e n ergyadv e ction, pla ntgrowthstage,degr e e of
s oilc o n s e r v atio n
,
etc･
,
c aninfluenc ethe w ate rb alanc e atthegrotlndsulfa c e. No n equilibrium
phen o m e nabetw e en vegetation a ndclim ateisthe m ostimportantis s u ebutdi戊 cult to s olve.
Itispo ssibleto statefurtherdi氏c ulties c onc emingthe m ethod adopted in thispaper. Su chan
empiric alm ethodis o n epo ssible w ayto as s e ssthe anthropoge nic changein glob alw aterbalanc e,
anditis an urgent the m eillthe c ontext of Earth e n vironm erltalcha nge s. Ther e mustbe a simple
- 92-
0 1 2 3 4 5 6 7 8
0 1 2 3 4 5 6 7 8
､許
'j
･･
:!盛
郎
i
二
I
号
1･■∴ ･y v･･
{.′
･･,■jE-::･車
v
･藩野
0 1 2 3 4 5 6 7 8 9
- 93 -
Figllr e3 PoteJltialev apo r atio nfo r
curr eTItlandc ove r. 0:Oc e a n, 1:0-400,
2:4 00-600, 3:6001800, 4:800-1000,
5:1 000-1200
,
6:1200-1400
,
7:1400-
1 600
,
8:
I
1600-(n m/ye ar)
Figt)r e4 Potentialevaporatio nfo r
n aturalv egetatio n. 0:Oc e an, 1:0-400,
2:400-600
,
3.' 6 00-800
,
4ニ800-1000
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5:loo°-1200
,
6:1200-1400
,
7:1400-
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Figtlr C5 Change sin aJlrlualpotemial
evapo r atio ndu etola ndc over ch ange s.
0:Oc ean, 1: n o change, 2:0-2, 3:2-4,
4:4-8
,
5:8-16
,
6:16-3 2
,
7:32-64
,
8:
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r ehtio nshipor rulebetw e e nhydrologicalphe n om ena andsu 血ceparam etersthtc oul d bedete ctable
bys atenite r e m ote s e n sing(for exa rEIPle, Ko ndoh1 995), and i士is a clu eto under stand由obal
el=vir on m e ntalcha ngeduringthehistoric e r a.
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